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(54) System for assessing bone characteristics 



(57) A system or method for determining bone char- 
acteristic data is provided. The system combines a bio- 
chemical bone measuring unit (12) with a densitometry 
bone measuring unit (14) to determine the bone char- 



acteristic data. Once the bone characteristic data is as- 
certained, a determination of whether bone formation or 
bone' resorption is occurring is made and future bone 
characteristics can be projected. 
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Description 

BACKGROUND 

1. Field of the Invention 

The present invention relates to systems for as- 
sessing bone characteristics. More particularly, the 
present invention relates to a system that performs bio- 
chemical and densitometric assessments of bone ma- 
terial to provide practitioners with bone characteristic 
data for evaluation of a patient's bone material for diagy 
nosis and management of bone related disease. 

2. Description of the Related Art 

The diagnosis and management of bone related' 
disease, such as osteoporosis; typically requires infor- 
mation about bone turnover and bone mass: Determi- 
nations of bone turnover have historically been per-; 
formed utilizing standard serum and/or urine laboratory, 
tests, including fasting calcium/creatinine, hydroxypro- 
line, alkaline phosphatase and/or osteocalcin/bone 
growth protein utilizing standard- high pressure liquid 
chromatography (HPLC) techniques. To illustrate, . 
whenever bone formation occurs (calcium deposition) 
or bone resqrptipn . occurs (calcium breakdown), various 
chemical reactions occur within,the body which elevate 
the presence of certain indicators in the blood and urine 
suggesting changes in the calcium/bone mineral status. 

Recently, several new bone specific assays have 
been developed which enable bone turnover to be eval- 
uated with an E LISA/EMIT immunoassay format. De- 
scriptions of these immunoassay formats can Be found 
in .U.S. . Patent Nos. 5,973,666, 5,320,970, 5, 300,434 
and 5i, 140,1 03. Jhe labejing for the new assays utilize 
a biochemical^ resorption and/ 

or fojmationi and permit a trained practitioner to assess 
bone turnover.^ j 

Bone mass determinations, on the other hand, have 
been traditionally performed by using various x-ray 
based techniques including single and dualphoton ab- 
sorptiometry (SPA and DPA), quantitative computed to- 
mography (QCT), and dual-energy. ..absorptiometry 
(DXA). j 

To reduce the time necessary to determine H bone 
resorption or formation is occurring and to permit a prac- 
titioner lo project future bone.characlerislics, a system 
which combines a bkx;hemical bone measuring system 
that measures, for example, Spine turnover, with a den- 
sitometric bone measuring system that measures, for 
example, bone density is desirable. 

Further, the x-ray based equipment emits ionized 
radiation in the form of x-rays and requires a licensed 
technician to operate the equipment. In addition, this 
equipment is structurally large and constructed to 
house, for example, an x-ray source and an x-ray de- 
tector, and provides a large table area to position the 



patient for examination. As, a. result, such x-ray based 
equipmenl occupies a large floor area. In addition, since 
x-rays are emitted by such Equipment, certain safety 
Vecautiohs must De followed to limit human exposure 

5 to the emitted rays. 

High frequency ultrasound has recently become an 
alternative technique for determining' preliminary as- 
sessments of bone status. Measuring the bone density 
with ultrasouhd is currently more' desirable over some 

10 of the above mentioned techniques since there is no ion- 
izing radiation in the form of x-rays produced by ultra- 
sound. As a resuttra licensed x-ray technician does not 
have to be employed to operate the uttrasbhic measur- 
ing equipment and the environment where the hnstru- 

15 ment is located and operated is not strictly regulated. In 
addition, ultrasonic measuring equipment can be man- 
ufactured significantly smaller in size and weight than 
the above-mentioned x-ray type bone density measure- 
ment equipment and is suitable for installation in private 

20 offices or medical facilities where space is typically at a 
premium. 

The parameters that can be determined using ultra- 
sound -include' the •*speed i of i sountfr the - attenuation of 
the-ultrasound signal and/or. combinations of the above 

,25; as it penetrates bono and 1 tissue. . Those; parameters pro- 
vide general characteristics relating to bone density and 
the risk of future fracture. 

Although the above described assay .techniques 
provide a practitioner with informatipn regarding.the.rate 

30 of bone resorption or formation,, the results, from such 
techniques are of limited value unless a baseline level 
of bone mass can also be established. Measuring bone 
density provides practitioners with baseline bone den- 
sity information and after successive measurements 

35 over a period of time, e.g., one year,may-a!so permit 
the practitioner to determine if bone. resqrptipn or bone 
formation is^occurring. Hpy/eve^ : this -process takes a 
period of. time (nominally^proximately to de- 

termine "if there is bone resorption or formation occur- 

40 ring. Biochemical markers which evaluate physiological 
status directly are capable of evaluating the change in 
the amount of bone formation or resorption, for example, 
in response to therapy, in a matter of months^ Thus, to 
quickly and accurately obtain an assessment of bone 

« formation or resorption- a practitioner typically utilizes 
both measurements to obtain the necessary bone char- 
, acteri stic data. 5 

Thus, a need exists fq/.a bone. measuring system 
' capable of performing various types of assessments of 

so bone material and providing a practitioner with bone 
• characteristic data in the form of, for example, graphical 
display results; to permit the practitioner to diagnose 
and manage bone related disease. 

A need also exists for a compact and inexpensive 

ss system that may Be "instaDed in a practitioner's office or 
like location and that reduces the time necessary to de- 
termine bone resorption or formation and to permit a 
practitioner to diagnose and manage bone related dis- 
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SUMMARY 

The present Invention provides a biochemical bone 
measuring unit and a densitornetric bone measuring unit 
J "to' form a bone measuring system ttiat performs bio- 
chemical and densrtorTOtric^assessments of bone ma* 
' terial. The system of the present invention provides 
' practitioners with bone ; characteristic data to evaluate 
' ; bone'status, and in'sorrie instencesprovKJes a 'progno- 
sis as to future bone characteristics sb as to enable the 
practitioner to manage bone related disease. 

In one embodiment, the system of the present in- 
* 1 vention combines the biochemical bone measuring unit 
rK and the densitometric bone rneasurihg unit iritd a single' 
housing which is compact arid capable of being installed 
; in a practitioner's office' ' * :v ' ' ' ~ ' " 

In an alternative embodiment, the densitometric 
" and biochemical units are" connected to each other via 
standard data communication circuitry anoVVither the 
'densitometric bone measuring unit or the biochemical 
bone 'measuring unit has a controller thiafcombines the 
measurements from each unit to 4 provide practitioners 
with tho bone characteristic data 

"In another alternative embodiment, the biochemical' 
bone measuring unit and the densitometric bone meas- 
uring unit may be individual units i that : separately per- 
" form biochemical and densitometric borie'assessments. 
The results of the individual assessments can be man- 
ually or automatically combined to provide practitioners' 
with the bbne'charactertetfc data - r ' ; 
'■' ' : - l * Tn another alternative r erfib'6diment/the b'icchemical 
Jl bone measuring riihit ahd'tHe'dehsitometric bone meas- 
* : ' urihg unit ? may be individual 'units that separately per- 
form biochemical and densitometric bone assessments' 
and transfer data Irorn such assessments to a separate 
6i penWa!''corr^uter/THe 'personal 1 compUer combines 
" x> the' r mea¥urem 'unit an^performs the 

" bone Assessment to pVovidepractitiwiers with' the bone 
characteristic data. In one ernbodimeritrthe single unit" 
system includes a housing having a bone mass meas- 
urement system and a sample access ' port;" a display 
■ YhounteVto the'housihg suchthat a display surface of 
isV the" display iswisiblelrtrbugh the 'housing -Strip, reader 
: " 'circuitry is located within the hbus'irijfandis configured 
to direct light to a strip sample, to filter light reflected by 
the strip sample such that at least one predefined color 
4or wavelength is pemiitted tb^pass,' and to detect the fil- 
tered light and generate'a det^ The 
strip reader circuit arid ^ thasarriple access pc^ fon^ the 
biochemical bone measuring unit (or system); The sin- 
gle unit bone measuring system also includes tho den- 
'-"* eitomet ric b^e-'measurmg^-uhit (or system)- positioned 
within the housing and configured to generate bone 
mass data. The densitometric bone measuring unit pref- 
erabty includes'a pair ; of adjustable ultrasonic transduc- 
ers,' and associated encoders and drive mechanisms to 
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move the transducers. A processor is located within the 
housing and is coupled to the strip reader circuit and the 
ultrasonic transducers, the encoders and the transducer 
drive mechanisms; The processor is provided to receive 

s a detected sample signal from the! strip readercircuit 
and to generate bone turnover data from the detected 
sample signal. The processor also controls the opera- 
" tioVTof the ultrasonic transducers arid determines bone 
'mass data. The processor then processes the bone 

to turnover data arid the bone mass data to- determine if 
bone formation or resorption .is occurring (i.e:, performs 
th e bone assessment)? Once the current bone density 
arid the bone turnover : data j aVe ascertained arid a de- 
termihatbn of whether there is bone f donation or resorp- 

is* ' tion is made, then the processor can project future' bone 
characteristics and provide theresuttsoh the display or 

* i by a 'printout. Such results may include a graph- of bone 
'density verses time," or a listing of bone'" derisity values 
over a period' of time. ' : ^ 1 '" ')■• 

• In an alLemalive embodiment, the bone measuring 
system of the presehrtrivention is constructed from in- 
dividual cornporierits arid includes a' controller having 
memory and data communication capability, a biochem- 
ical bone measuring unit coupled 'to the controller, and 
adensitomctric bone measuring unit coupled to tho 'con- 
troller In this'embodiment, the controller periorms 'sim- 
ilar operations as those described above: 

--The' present invention contemplates different em- 
' '-' bbdimerits for the individual biocherinical bone measur- 
30* s ihg iirirt and 'the* dehshornetric bonerrieasiiring unit. One . 
embodiment of the biochemical bone measuring unit in- 
cludes'a housing having at least one access'pdrt/adapt- 
• ' 'ed Wrec^eive a'strip "sample, or to'direct a bodily fluid 
sample onto one or more strip tests or a receptor pad in 
the housing, at least one strip sample reading circuit lo- 
cated within the housing and configured to direct light to 
the" strip'sample, 1 to filter light reflectedby the s'trip sam- 
ple so that at least one predefined color wavelength is 
pehTiitfed topassV arid to : detect the filtered light and. 
generate a detected sample signal- arid a processor lo- 
*' f cated "with in'the housing and coupled to the at least one 
; : strip sarriple reading circuit. The processor is preferably 
'" 'configured to* receive' the detected sample signal, to 

• generate' bone turnover data from the detected sample 
45" sigriaTarid to display the bone turnover data The bio- 

chemical bone measuring unit may optionally include a 
: ; displayrhbuntisd to the housing so that a display surface 
: 1 of the display is visible through the housing. The housing 
''can be configured to be hand-held having dimensions 
so* similar to those of; for-example, a hand-held calculator. 

. '.c* Tne"stnp~sahriple reading circuit uses a light emitting 
*.>.-v source;- an -optical-filter and a light "recervirig" element to 
'• read a color marker on a strip sample containing the im- 
munoassay. The light emitting source is configured to 
55 emit lightL(e?g:; laser, incandescent; fluorescent;! light 
emitting diode) toward the strip sample and the optical 
filter r is configured to permit predefined color wave- 
lengths reflected from a sample portion of the strip sam- 
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pie to pass therethrough. A light detecting element re- 
ceives the filtered reflected light and generates a sample 
detected signal for transfer to the processor. for an as- 
sessment of bone turnover. 

In an alternative embodiment, the strip sample in- 
cludes ( a,reference. portion in addition to the^sample por- 
tion,.and the.strip sample reading circuit includes a sec- 
. ond optical filter and a second light detecting element, 
A second optical signal is configuredjo pass predefined 

... xolor wavelengths of light reflected from the reference 
portion of the strip sample and the second light detecting 
element receives the . filtered reflected light and gener- 
ates a reference signal for transf er to the processpr.The 

, reference signal provides a control value as an indica- 
tion i o1 the quality of .the strip sample.. ... , 

. - : -Jn another alternative embodiment, the strip sample 
reading circuit includes an optical filter positioned in 
front of a light source and the light.emitted frpm the strip 

. sample passes through a second filter so thaUluores- 

- cent light from the sample impinges a light detecting e!- 
. ement.and generates a signal for. transfer to, the proc- 

- essor... .,_ , . .. . . , 

. . The.densitometric bone measuring unit may.be, for 
-example,: an. ultrasound based. unit or an x^ray ; based 
unit. Ono embodiment for an-ultrasound bono measur- 
ing unit includes a pair of. ultrasonic transducers, which 
are^mqyable , relative jto each, other,, associated drive 
mechanism^that moves the transducers,- and. encoder 
circuitry and temperature sensors to measure transduc- 
er characteristicsfor calculation of bone density. A rack 
and.pinion type- of drive mechanism is contemplated. 
. jHpweveri other* known -types ptdriye mechanisms.may 
„, be used;tp.rnove:toe;transduce.re r A f cOT as 
. c ,. a.micrpprocesspr and c associated, memory, is provided 
• • to contrpl.tnepperation of the transducers,. drive mech- 
.,• ; _anjsm, t encoders and sensors and. to determine bone 
< 'density..^ i-.vj-;-' w o.'j \to -z • * . \?f .??■»■?.-; 

!f fer-The present invention, also provides a method for 
c : determining and displaying J>qne characteristic, data. 
orc^Ameif^J^^ft.the steps of reading a strip sample 
- by directing light; toward the strip sample and detecting 
j light reflected or emitted fromihe strip sample and gen- 
: ., . erating signal data, indicative ol a concentration qf ; a bi- 
;: ochemical analyte or a combination of analyles and de- 
^ - vfining bone turnover, data asscciated : with a patient, ob- 
l- .-. taining bone density data.fqr me patient,.and determin- 
; . Jng whether pone formation. prresprpUon^ts, occurring 
. abased on the bone turnover data,, and projecting future 
. * bpne characteristics basedron the : bpne density data 
. . and the bone turnover data.The determinations of bone 
. ; • turnover and bone density.can.be graphicalry, displayed 
-T- on,a computer monitor in .the form of charts and graphs. 

-p BRIEF DESCRIPTION OF. THE DRAWINGS - % - - 

Preferred embodiments of the invention are de- 
scribed hereinbelow with .reference to the drawings 
wherein: 
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Fig. f is a block diagram of one embodiment of a 
bone measuring system according to the present 
invention; 

Fig. 2 is a block diagram of an alternative embodi- 
ment of the. bone measuring system according to 

. .me'present.inv^ion;.^. . 

Fig. 3, is, a block diagram pt the. components of a 
biochemicai bona measuring unit of the system of 
Figs, 1 and 2 illustrating an exemplary. strip sample 
readirigcircuit; . , 

Fig. 4 is ,a block diagram of ^'alternative, embodi- 
.ment of the components, pf. a biochemical bone 
.measuring unit pf the system of Figs! 1 and 2, illus- 
trating multiple strip sample reading circuits; 

Fig, 5 is a block diagram of an alternative. embodi- 
ment o( the, components of a ! biochemicai ,'bone 
measuring unitof the system of .Ffgs., 1 and 2, illus- 
trating a,strip.,sample reading [circuit configured to 
read two markers.on a, strip sample; 

Fig. 6, is a .block diagram of an alternative embodi- 
ment of ,the components of a. biochemical [-bone 
. measuring un it of the, system pf .Figs. 1 and ^..illus- 
trating a strip sample. reading, circuit, configured to 
use fluorescent light to read a strip sample; 

Fig. 7. is a bbek diagram, of. an. alternative ^ 
. ment. of ,the . components, of a. biochemicai bone 
measuring.unitpf.the sys 
: trating a disposable strip sample and strip sample 
reading .circuit;.*. -. 

. Fig.,8 is a block diagrarnpf the system pf the present 
, invention, and - illustrating- a biochemical )r bone 
rr^suringwnit^a^ 

measuring unit connected to,the controller; . 

Fig. .9 is a perspective view of one embodiment of 
an integral bone measuring system according to the 
presentjnvenuon, and.inustrating the biochemical 
bone, measuring, unit and the densitometric bone 
measuring unit ing compact housing;. ... '.. ; 

- - i ■ • ■ 
Fig. , 1 0 is a schematic .yiew of a palienl's loot posi- 
tioned in the bone measuring system of Fig. 9, and 
illustrating a foot bridge for maintaining the position 
. erf: the foot; ... .... , . . 

Fig. 11 is.a front elevationai view, of the foot bridge 
of Fig. 10; .,. t [ : \ .... . ^ : 

Fig. 1 2 is a front elevationai view of a portion. of the 
internal components of the bone measuring system 
of Fig. 9, and illustrating a pair of transducer assem- 
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blies movable relative to each other, and associated 
drive mechanisms for moving the transducers; 

Fig. 1 3 is a perspective view of a biochemical bone 
measuring unit according to the present invention; 

' ' Fig. 14 is a block diagram of an alternative embod- 
iment of the bdne'measuring system according to 
the present invention; 

- Figi 1 5 is a block diagram of an alternative embod- 
iment of the bone measuring system according to 

' • the present invention, and illustrating an ultrasonic 
densitometric bone measuring unit arid a biochem- 
ical bone measuring unit coupled to a computer by 

• a cdmrriunication interface; 

Fig. 1 6 is a b lot k diagram of another alternative em- 
' bodimeht' of the bone 'measuring system of the 

present invention, and illustrating an x-ray based 
• densitometric bone measuring unit and a biochem- 
' ical bone measuring unit'cbupled to a computer by 

the serial communication interface; and ' ~ 

Figs. 17-19 aro oxomplary computer "generated 

- graphical displays, illustrating baseline, monitoring/ 

- follow-up arid dynamic displays for providing a prac- 
■ - : titioner with graphical result's of "the bone' assess- 

'•" merits'. ' 

DETAILED DESCRIPTION 

vv..z. -^The borie' ririeasuring i 'system of the present inven- 
vy-tionccrribiri^ 

^tfensitorhetric^orie measuring unit "to form a system 
; Mhat : perf6rrr^ : bi6cheriiical and dehsitbrhetric assess- 
:; rhents of bone material; Such assessments provide 
i; practitioners with bohexharacteristic data to evaluate 
:c! borie status; 'and iri-sbrhe instances; 1o provided prog- 
• -' hosis of future bone formation or resorption.- '■ 
: -^'s--' "|n^ tt^ J embodirneiits 'discussed here inoe low; the 
L - -bone characteristic data includes bone turnbveF data 
Wi Whicfi is measured by the biochemical bone measuring 
t9V -u'niti and borie mass data which'is measured by the'den- 
sitoiT>etnc : b6ne measuring unit. - < ■ >.t ■ \ 

• J '--'Biochern'^ characteristics' 
cV cari be' rriade^by detecting characteristics from; for ex- 
' v ' ampler ari^ssay 'based stri Tne strip sample 

— • istypically the resurt of a'quantrtative ih : vitro diagnostic 
"^strip^teW'p&rton^e&'on a ' bodily fluid sample such as 
"'blood or. urine: However^ other techniques or methods 
" • ; may'also be utilized I6r*blbc)^ical' r assessrn1ents. For 
' 'vexarnpleTthe'tTC 

n phase immunoassay technique, a western blotting tech- 
; u riique and 'fluorescent' microscopy ^ technique: ' Various 

• types bfrassays, r such as^hemical,' enzymatic?ahd im"-" 
■'** ; mUnccHemical 'assays; may 'be used on the strip sam- 

: pie. Chemical assays may "detect, for example,^ phos- 
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phorous and/or calcium. Enzymatic assays may detect, 
for example, the enzyme action of alkaline phos- 
phatase. ' immunochemical assays 'may detect biologic 
compounds .by mohoclbnar or polyclonal antibodies or 
specific receptor proteins. 

The strip test incorporates one or more markers 
evaluating b^ie'r^orptk^rDcne'forrration or a combi : 
'nation of both 'attached 1 to a strip backing and" a color 
marker bound to the borie formation or resorption mark- 
ers. The^sjrip test niay be configured, in various. sHapes 
including^ for example; r<BCtanguiajr,fsquare; circular, and 
triangular shapes, fhe'stripjest also includes ! ;r^eptor 
pads^ 

test employs a'mbri6clbnai r br polyclonal antibody ; bran- 
tiobdies to rapture 'arid detect' ah analyte. For example, 
bcne-specitic' alkaline- p^o^l&tase/' osteocalcin? or 
propepti'des'bf ^^^type^ijrccolliigen can be -usecfas 'mark- 
' ers for determining boneibnTiatlon, anbW tefbpeptide 
of type-l collagen, pyridinoline, depxyj^ridinoNne, brhy- 
droxyprdline'cah be used 

tone resorptbri. These antibodies! can be pre-applied 
to the strip tes^t bacfang'surface. A^strip samplfe'typically 
includes the^strip test : ahd'the"b^ily fluid: P reliably 
whena' bodily fluid^amplens'applied to the^strip^test, 
the strip sample provides an optica? 'Scaling' ros'pbhso 
proportional-td'the cohcehtration of the analyte on the 
strip"sample?the optic^^Scale^'as's^nmerit provides 
c^ahtrtaSive'infdmMjbn about the ambuht of 'analyte on 
the strip sample 5 which ihdibates wnitheVbo^ 
tibn orfom^tion'is occuV of 
the marker's are attached to the'strip lest backfhg?;' 

7 Referring to Fig: t, 'a block diagrarn of ^alternative 
emoodlmerTt of the Y bbrie v ^ systern i6~ of 'the 

^present invent^ 

lem 10 includes a bic^emicartiorie measuring" unit 12 
• and 'a densitomefricbone measuring unit' 1 4 connected 
to a controller 1 6: The biochemical bbh'e' measuring unit 
T2'p>bvid'es thei cdhtroller 1'6 wfth detected : si§nals rep- 
■ resentirigr%Pexample, "boheffirnover data^fhe^dehsi- 
tbrrietric'bone measuf ingVriit 1 '4' provides the controller 
W' witiv detected ? signafs* repfesehtihg',' for example, 
bone derisity data. The controller 16 th^ 
signals from f eacri - unit' arid' delermines/lor'exarnple, 
whether bbh'e forrhatioh'brreso'rptibn is f ccburrihg.-yyter 
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via printe r 20 and paper port 21 . of 'display 22; An oper- 
ator interface 18 is ccn'necled lb cbritroNef 16 tbpermil 
user inlerac^icn' wrth the controller. i? 1 ' : 1 c $ * 
" : Referring to Fig? 2, a block diagrahi of an alternative 
embodiment of the bone c measuring systehi of the 
presenvrnventibn f is shown:' In' 'this embodiment;' the 
bcn6"nWasurihg"system 1 0lricludes abidcHemica'l bono 
measuring' unrt 12 connected to a densitometric bone 
measbrihg unit 14- which includes the cohtfbller 16 that 
receVes'thfomTatibri from the biochernical bcnV meas- 
uring unit as well as'the'cfensitcnietric bone measuring 
unit .14. - • ' '• : 
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Referring to Fig. 3, the biochemical bone measuring 
unit 12 of the system lOof the present invent ion includes 
strip sample reading circuit 24 that measures the optical 
scaling response of the strip sample, The strip sample 
reading circuit 24,includes a light source 26 which emits 
light towards a ( sample strip 28 which ^ inserted into a 
access port ^29,. seen in Fig.. 9. . Suitablellight sources 
include Ijghtremrttihg and laser diodes, r and incandes- 
cent and fluorescent lamps. Light reflected from the 
.sajTipje strip 28 is tittered by optical filter 30 and rmping- 
. es iight,detectoV32. A suitable optical filter is a color filter 
, , which permits predetermined color yvavVleng^hs to pass 
. .therethrough. Ipor example, the optical firter v 30 may be 
a pdiarized lens disposed.at ; a predetermined angle to, 
... permit certain .wavelengths to pass., the.output of the 
light detectorHmay be an analog or, digital signal which 
, is.transferred.tothe controller 16. A, suitable light detec- 
tor Is a phptodipde. . j; ., . 
. . ,. ( Jf the output of the light ^ detector is an analog signal 
, then .the .controller, 1 6.may^ include an analqg-to-digilal 
.converter to convert the'.anaiog detector signatto a dig- 
, ital. format for subsequent processing.. Alternatively, the 
.light detector may. include an analog-tp-digital converter 
and drryecircuftry which performs the signal conversion 
and transfers the signal to the. processor. . 
.. . , Fig. 4 shows an embodiment where.the biochemical 
bone measuring unit 1 2Jncludes f a plurality, of strip; sam- 
ple, reading, circuits, 24 aligned , with, a .plurality of strip 
, .samples, and connected to the controller, 16. In this em- 
. bodimeni, the plurality of strip samples can be read and 
.^he.jnformation^obtVned can be used to de- 

termine,^ 

? . havejbOTe .fpj ^mafion imarkers atteched .thereto, and the 
strip jSample represents bpne .formation, ; and- another 
. strip test may have bone resorption -markers attached 
. ^hereto and the strip (sample represents bone ^ 
v :.j|^-^loJb^ij|^^ measured yajue ; frc^ Jhe-bone 
...^fprn^tion sUip'.test anpVthe measu/ed, yalue from, the 
,_, j bon e, resorption strip lest provides, bone . turnpver,data. 
^.VVfhen the bodily, fl uids^ sample, is ^unne, the measured 
~ j bone fonrnatipn and/or. resorption values, may. vary de- 
. pending .upon.the time period between urine secretions 
by the patient. Tqeompensate fprsuch^yariations.acre- 
: . : atinine norrnalization. technique may : be implemented... 
. ^dreatinjne, normalization prpyidesa baseljne marker tor 
r; . urine ^^concentration and ; if v the creatinine concentration 
.. JeyeJ.is high.me. bone marker, cpneentratjon level .may 
behigh resulting in, an ^accurate s estimate of bone for- 
,, •mation. or resorption. T^c^pen^eJipr-yariations in 
!>r bone, formation ar\cVor,resprptk>^ ratio of the 

*_ .- bpne.marker concentration level to the creatinine con- 
.... cent ration is^obtained .to^termne.^e^ent to 
which. bpn e formation .or rosorption is. occurring, Tp ; de- 
t ..terminethe creatinine cpncenjratk^, level a color, marker." 

, ; that Jjinds .wrth creat 
. . . backing and when combined. with the urine strip sample 
can then be measured by the strip sample reading cir- 
cuit. The controller in the biochemical bone measuring 
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unit can then determine the ratio of bone marker con- 
centration level to the creatinine concentration level to 
more accurately determine, bone turnover. 

Referring to Fig. 5, an alternative embodiment of the 
strip sample reading circuit 24 is provided. In this em- 
bodiment, a second optical .filter 34, which is similar to 
optical.filter 30, and a second light detector 36 are pro- 
vided to read a reference sample portion on the strip 
sample 28 simultaneously when reading the portion of 
the strip sample to betested.The reference sample pro- 
vides, a known reflectance value which may be utilized 
. to perform a.system calibration pr,to verify, the quality of 
the stripy sample being measured (e.g., to determine if 

the strip sample is stale). , l( . 

Fig. 6 shows an embodiment of the bone meas u ring 
unit 12 having a fluorescent light source 26 that emits 
light through.firter 31 toward the strip sample.. The filter 
31 is used to filter the light from the source 26 so that 
only. .excitation tight passes therethrough. .Filter 30 is 
.used4o filter.lhe light emitled frpm the strip sample so 
that only fluorescent .light passes therethrough. In this 
embodiment the. fluorescent, microscopy, technique is 
used to perform the biochemical assessment of the 

bone material. ...•„'., ..«',•■, . - . 

.. Eig. 7 sfio^an'embpdimentpf.the b^nc measuring 
unit .12 having .a.disposable reader portion 25 that in- 
cludes strip .sample reading circuit 24 and strip sample 
28. In this embodiment, the strip sample Jsjntema I to 
the unit 12 and a bodily fluid sample is deposited onto 
the strip test. After a sufficient time has elapsed to : allow 
the analytes in the sample to interact with the strip test, 
the strip sample reading circuit is activated to measure, 
r for example, the concentration of analytes. After abpdily 
fluid sample is tested, the.disposable reader portion 25 
is removed. from the unit and. a new disposable, reader 
portion is inserted.f obtesting another bodily fluid sample, 
as seen in- Fig. ^As. discussed above,,the controller 
.16 processes the : detected signals from the striplsa^nple 
reading circuit and determines .bone turnover. As, noted, 
the controller 16, can-format jhe r detected, signals for 
transmission- to, for example, t^e. densitometric bone 
measuring unit .14, via communication port 21.^ Known 
.data transmission techniques, may be used to transfer 
the data from the biochemical bone measuring unit. 
. ; .... During operation of. the biochemicaj.bpne measur- 
ing unit I2,.seervin Fig..3, the bone measuring system 
f l0,can be tumedpn by ^depressing button 38 ar^,then 
. a strip sample 28. is inserted Jnto ,strip, access' port, 29. 
The measurement function can then be activated by de- 
pressing button 40..When the;measurement function is 
. activated, the ccfltro|ler ^ 

26;Which emjts ( !ight toward tiie. strip sample ,28 . Light 
.which impinges the strip sample is at least partially re- 
flected, toward optical fitter 30 which permits predefined 
vrayelengths pt light reflected from the strip- sample to 
pass to the light detector.32. The light detector then gen- 
erates a sample detected signal representing the cotor 
reflectance value of the reflected light and transfers the 
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sample detected signal to the controller 16. The control- 
ler 16 receives the sample detected signal and deter- 
mines the bone turnover rate! For example, as the color 
increases the sample detected signal decreases indi- 
cating increased bone turnover, or as the color decreas- 
es the sample detected signal increases indicating de- 
creased bone turnover, the 'resulting bone turnoverda- 
te may then be displayed by display 22 or provided as 
r ' a hard copy bythe 'printer 20. ' ' ; ' : 

'" ! lh the I embodiment of Fig: 51 the Reflected light 'from 
the strip sample is also filtered by optical filter '34 and is 
passed to the light detector 36'. the light detector 36 re- 
sponds by generating a ref erehce'detected signal which 
is related to the color detected. The reference detected 
sigharis : thea transferred to the cdntr6l!er16"and con- 
verted to a digital format using for example'' an' analog- ' 
tc^digital converter. Controller 16 receives the reference 
signal and compares the" reference signal to'a' control 
reflectance value' stored in'the'cohtrbller memory: For 
example, as the difference between the reference'signal 
arid 1 the sample detected signal increases' the -'sample 
detected signal decreases indicating increased Bone 
' turnover, oras'the difference'betweeri the reference sig- 
: nal and the sample detected Signal decreases the sam- 
ple detected sighal increases ' indicating : decreased 
borie turnover If the reference value is riot equal to or 
: wrthin a 1 predefined tolerance (e.g., : ± 10 percent) of the 
control "reflectance value, the "controller "may then dis- 
card the sample detected signal gerierated by light de- 
' tVctbr 32 arid discoritihue the measurement procedure. 
Further, the controller may display that a enor has oc- 
curred in the biochemical bone measuring unit 12; or 
H that : the strip' sarnple"28 : is unsuitable for testing. If the 
Vef e'rence v vaiue v is equal* to ■ or ; within the- predefined tol- 
: e^nce theft the^rocessb'r'contiri ues We'measurement 
procedure:- " * f '' 7 ::: '"'''•' ^ ^-- >r - 
" V ' : '-The'ab6ve i described biocherriical bone measuring 
unit 12 perfdrms-tKe biochernical asVessmerit'of bone 
{, criaracteristics. As 'noted' a^ef t ttie ; 6y^efh v 1 0- of - 'the 
'''present : invention pe^onTO^biochemlc^-iE&i'd. derisito- 
r '- metric assessments-6f bone cHaTaderistics: 1 -' ' v 
The densitometry borie measuring uriitn'4 may r use 
•ultrasourid'tb 'measure ^ broadb'and ultrasound 1 attenua- 
tion values arid speed of sound to deterrrihe borie den- 
' sity. However, other- types' of densitomethc systemsare 
also contemplated:' 1 For ' example? the" derisftbmetrie 1 
" borie j^easuririg-systerri ? rnay use x-rays te-rneasure 
c '' :j boni density: An exarriple : of arf x-ray based dens 
^'•rief borie "measuring' system ! using iJ a pencil bearri to 
** -rrieSsUreboVVeideris^ in W:SK Patent 'No. 

■ 4;8H,373 arid is incorporated herein in^itV entirety by 
n reference. An example of ah x-ray based dehsitometric 
*•* borie measuring 'i§y^ern : ; usih9%% L be^'ot'X4^ to 
' n measure b^e densriy is'described kvU-S. Patent Ap- 
f ^pricatlbn Serial Nto^'08/345-669 filed on November '24, 
'•: "1994' arid is incorporated' herein iri its' entirety By refer-"' 
ence. ,«-.r. 
° • ' Fig. 8 is a block diagram of the bone measuring sys- 
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tern 10 with a biochemical bone measuring unit 12 and 
an ultrasound bone measuring unit 14" The ultrasound 
bone measuring unit 14 generally includes a pair of 
transducer' assemblies 50 connected to a transducer 
5 ' drive mechanism' 52 that autorriatically positions the 
transducer assemblies 50 : against a body part of a pa- 
' tient; e.g. the patient's Reel, with sufficient pressure to 
"•'•' insure ultrasonic 54 is used 

to determine th^e 5 pceitionof the transducer assemblies 
10- 50: A* temperature sensor 56 'is provide % aio1rTtpr^^the 
' accuracy of the positron encoder |^surementS''arid to 
'correct for temperature dependent inaccuracies' 'in' the 
ultrasound imeasurements>'A mo^ 
'• "of an ultrasound dehsitometric 'b6ne measuring unit is 
is described ' in • copending 1 • applicati6h ,;: ' Serial. "No. . 

■ 08/477,580/ tiled June 7; 3 199oy which is" irk»rp^at8d 
' herein in its 'entirety by -reference. " - 

" Refe'rifh^tdPfe'-S, a^tSfii&^y^^^HBi^l. 
borie measuring system 10 is shown: In' this-' embodl- 
20 'm'enl; the system 10 has a housing 60 that is coh'figuVed 
to'firmly support, for example, SpatiSrit* s foot for the ul- 
trasound borte' 'measurement. ! Figs.-9-li ^illustrate the 
foot support for the' syst em ■ 1 0.* : Hc^e^er,^ultraMuhd 

I bbne^measurerrierits of 6fo'eri>6dy portions' of Wpatient 
25 such asMheToreanri, wrist orpKalarigbsV hiay Be^made 

asweli; ' " • ' . " : - -< ■ «iJc-en* .c ' 

In the embbdirnent 6f'Figs^8-1 1, the housing 60 has 
abase portion 60a and a s uppbrt portion' 60b^thesup- 
? port portion is configured to receive a^patierit's^and-in- 
30 v eludes support structures ; used to^po^i^.'aVid- Restrain 
the arid lower leg in la p redefined position which provides 
optimum'couplirig of u ft rasoh ic transducer : energy with 
; the patient's ankle'.' The'suppdrt portion' 60b bihousing 
60 incl udes a well 62'cdrifigured as; a 7 unrve?sa]%uip'port 
35 'A^ich'Teceives-large adult'size feet as well as'sma|chil- 
• dreri's feei f and bridge brackets 64 arid 66 which include 

■ channels 68? The channels' 68 are angied r at aTprede- 
fined r angle (a) [ with respect td the base'62a of the 1 well 

I I so as c tb~erisure stable restraint of the''ahd'leg'6f the pa- 
40 tierit; Preferably, : the piredefified 'angle is '55 degriees. 

Transducer ports 70 are located on-the : s'i6Wwalls ! of 

■: the well 62,' as seen in -FigV 9: f c-T- 
' , : - Ref erfihej to Figr 10, afestfaint member 80 has two 

' independent subassembliespnamely a : shin guideVas- 
-sennbly 82 ^ arid'a [ bridge assembly 84 the shin guide 

' assembly 82 includes^ p'lastic>niolded form 86 lined . 
with contoured foam lining 88; The molded fbim86 pret- 

'■ : erably utilizes a r combiriati6h of reslrairits for the'shin, 

*'■ instep, and 1 front of me which are iritegrallytbrfned irito 
so a'singlirstfucture.' '\*-- *H 

■'■< ' Thei molded form : 86 includes shin restraint- section 
90 r wfiich ; "restrains^supports, arid- centers '"this "tibia 
against the coht6ured : foarri lining 88 using' ^-flexible 
strap E 92 l "placed around the calf muscle^ The flexible 
55 ' 'strap 92 can be adjusted to secure the rriolded form 86 

■ a comfortably : around thershin regfen. The-shiri-restraint 
section 90 of the shin guide assembly 82 extends up- 
ward f rorri an instep support section 94 at a predefined 
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angle with respect to the well bottom 62a. Preferably, 
. the predefined, angle is. about 95 degrees. . 

^Referring again, to Fig:- 10, the front of the.js re- 
strained from- lateral rotation by a restraint section 96 
extending f rom the lowerpart of the instep support sec- 
. tion 94, towards the toes. As seen in Fig, 10, the, restraint 

..^section ^ : l^^jOT!OT^ ;, ;t ( ^n?'liO'D9 v ^ l } < ^, '? P ro " 
, vided-toproperlycenter the .front of .the as the molded 
-form 86 is foweredto align with. the correct width of the 
patient's.. Because the thickness of the also.varies.lat- 
erally, the t ,heigh1 of the/estraint section : 96 is-typically 
.. greaterinear, the instep than near the front of the 
:- i-r.v. ?6ferring,to^Figs. 10 and 11, the bridge assembly 
; 84 is configured for mounting on opposing sides of the . 
molded" form 86 and; for ; "using slide blocks 100. The 
bridge assembly 84, is provided to attach the shin guide 
assembly 82 lo the housing 60 and to properly align and 
; maintain the position of the patient's . To achieve this, 
the. slide-blocks- 100. are inserted into corresponding. 
, channels. 68 in .brackets^and 66 extending fiom.lhe 
support portion 60b of housing 60. The preferred, 55 de- 
-r gree an g le of the channels 68 facilitates proper contact 
t between the bridge assembly 84 and the instep area of 
-different -size,feet, as;weH as, sufficient differential ver- 
tical displacement to allow the restraint section 96 to 
mat^-andj^ of, the lower; 

r ii.;.- o Referring to,Fjg ; , : 1 1 J.tfje channels 68 are lined with 
strips of repeating triangular, ratchet, teeth. 102 secured 
. ,to each ,bracketjB4 • and;§6 ; ..The slide- blocks tpp^have 

■ matching ratchet teeth 104 in opposition with the teeth 
■:: 102 seeured to thebrackets. This.cqnfiguration is.similar 
..toiipawl andjrachet mechanism. When the slide blocks 
y O 10p^areJnsertedintpthe;Channete the : ratchetingac- 
; : ^ipn v: ^Yraenvtee.th t) 102 and J 04 ajlows the sjide^blocks 

100 to latchat one of multiple levels, to the bridge brack- 
s ' .eU ; 64 and;66 sp.asto permit^ selective.; adjustment of 
atheshin gujde.assernbly 82,.As a result; -the.shjn guide 
r,assembly L ;can: be. adjusted to provide a .comfortably fit 
~for, any /sjze .-while maintaining the .proper, restraint of. 
r>the;p^ienVs:a^d ; feg^^.>;- its r. . .:■«-:• ft,-* 

- To facilitate release oMhe mating Tatchet teeth;1 02 
v. andriO^.-ttierratchetteeth'lO^ arepreferably^attached 
>.to.spring assembly .1i10 : vvhich; includes leaf^ 1 06 
: mpunted.tothe base otthe slide btocks. r 10q. To release • 
, r^he rachetjteethj .an. operatot_squ 

Id. brackets jf 1p8 ; pfoSpring assembly,Tllp which are at- 
■■ Cached tp.the.free ends ottrje.spnngs.lpe: When an op- 
. .eralor squeezes the brackets together^ ratchet teeUvl 04 

retract from teeth 102. When the teeth -104 are. clear of • 

■ the;.teeth 102 inside : the channels. 68,, the operator can 
4.pulbthe ;> slide t bfocks 1 00 put of ; the channels . 68 v to allow 
„ the pationt.to remove their.f torn the. well 62: itin^ 

^: Shin guide assembly 82 may be conyeniently.stored 
-for traj>spo^ 

,i slide blocks; 100 intp a lowest position , in ■> the channels 
•.,68:-^-^. #. w .;>- r ,"- 
7 •> Referring now to Fig. 12, transducer drive mecha- 
nism 52 automatically positions transducer assemblies 



50 against the patient's heel with sufficient pressure to 
insure ultrasonic coupling. Preferably,, each transducer 
. assembly 50 includes a transducer 1 20i an acoustical 
. delay , line 122and a coupling pad 124. . 
s . Based on the. quality of. the signals received from 
thejransducer assemblies 50, the coupling pressure is 
modified under 'control of controller 16,' seen Jn,Fig. 8, 
to insure proper operation. The quality, of the, signals re- 
ceived js determined at: least in part.according to the 
10 strengthpf the signals -(i.e:,. the. signal, amplitude) ; and 
the positional data of the transducers with respect to the 
patient, ^ notediaboye, -the posito,encqokj^.i$;u1i- 
lized to, determine the. position. of, the transducers. 
.,. : The transducers^ 20 are mounted to respectiyecar- 
1$ riages 1 26 and are configured to slide- independently 
along, a lateral-medial, axis. Respective compression 
.. . springs ,1 28 attach ed to tiie t carriages. 1 26 apply oppos- 
ing lateral forces towards the center of the . In this con- 
. figuration L jhe,carriage/springassembly is free.floating 
20 . . and.wjjl center- itself on the with equal- pressure oniboth 
sides., - v - ., .- ( . • .-. • \V , 

. , -.An.extensiqn spring. 1 30, appliesthe initial pressure 
. : when: the coupling_pads<1 24 reach the patient's . Toad- 
. just. the pressure in small, increments, a stepper motor 
25 1 32 with, for example, a rack and pinion rr^chanism 1 34 
, .will mcve 7 §. finite number of steps- and compress^ the 
compression springs 128,attached1p.the. respective car- 
: riages 126:.. The compression springs,! 28 will pulKthe 
respective transducer assemblies 50 and pads; 5 124 in- 
30 ward at ,a force proportional to the spring-rate and disr 
tance translated:.- ... ■..y f nv.-i 

z-i: i ^As noted, the , distance between the transducerias- 

- ser^iesv5p;.is(^ 
; .encoder : .^ c which .is mechanically - jinked^ to- the;.m,otion 
35 of the transducer assemblies 50. Typically, the encoder 
0( -«us^sacode c stnp r rnounted onto onepfthe carriages and 
7 ,. an optical ^enccder^reader . mounted 
. riage.- As;the distance between-the-transducers chang- 
,5 es r the code strip rnpyes between the slots of; the optical 
40 encoder and the . optical reader reads, the . lines , of • the 
code : strip jas-the tines are traversed;; , ; : :r -. 
( . i The ; operatipn of the stepper motor 1 32 is contrplled 
^by-controller- 16 according to the quality of the signals 
.v received from the transducer assemblies 50 andi posi- 
es tipnai.data suppDed by^the position encoder > ^ 
4l v; ^Accordingly, the transducer drive mechanism 52 
^.under;the,cbntrpl of controller .16 provides automatic pc- 
. sitiqning and other selectable functions.. For example, 
ivthe- transducer drive, mechanism separates the : trans- 
50 . -.ducers l 12p:to allow the patient's to be moyed tp'and 
. vfromia position between the transducers.1 20 without in- 
. . terierence ; from the,transducers,. positions the position 
, ; -encoder to a known transducer separation zero, .ex- 
.tends, the transducers 120: to acieaning or 6tandby po- 
ss v sition, and secures the transducers ,1 20 in an off or ship- 
ping position. - .« 

, - ; - The .controller 1 6 determines other parameters of 
interest, including broadband ultrasound attenuation 
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(BUA) and bone velocity. Also, the controller 16 calcu- 
lates the speed of the ultrasonic signals (SOS) through, 
for example, the using the distance between the trans- 
ducers determined by the position encoder 54. the con-' 
-' troHe'rcpmbihes the results of the BUA and SOS meas- 
; urements to obtain a bone mass measurement. Appa- 

* "rat us for measuring bone mass using ultrasound are 
' knowh in the 'art. ' Such ah apparatus is disclosed in; for 
te example, United States Patent 4,774,959 fa IPalmer et 

aV which is incorporated herein in its entirety by refer- 

- • v The controller 16 uses temperature readings from 
temperature sensor 56 to improve the accuracy of the 
j ' position encoder rneasurerhents and correct fortemper- 
■ ature dependent inaccuracy in the ultrasound measure: 
merit: For example, the controller 16 accounts for liner 
'* expansion of 'the encoder strip by applying a tempera- 
' ' fure dependent term to the data supplied by the position 
encoder 54. Additionally, the controller 1 6 applies a tem- 
perature dependent term to correclah estimation of the 

* time delay through the delay line 122 arid the coupling 
pad 124. Furthermore, the controller 16 uses the tem- 

■ pefature reading to determine if the apparatus is ope r- 
"*'-' ating within the specified environmental range allowed, 
•' - arid if ribi^b" operator is informed that the apparatus is 

not ready to be used. 

' Several features of the' elastomer coupling pads 
' -1 24 which provide efficient coupling of ultrasonic ehergy 
" "will^nbw be described! The acoustic impedance of the 

* "'material of the pads 124 is matched to the acbustic im- 

pedance of human skiri to provide a minimal loss of pbw- 
r - er arid reduce extraneous reflections. '* ' 
'- : 'The 'Coupling j pads 124 also provide a waveguide 
*' f unction tS'coHimate-the acoustic beam a suffibierit dis- 
" " a tarice along the "propagation axis to allow the wavefronts 
to "evolve' onto a'rriore uniform intensity pattern.' to 'this 
"end, the acoustical delay lines 1 22 areprovided to allow 
• s *trie wavef rants' tb evbrvef rbrri the granular riear'field pat- 
" 01 tern to'a'smoother far field pattern before 'entering the 

• ' ' " : " Thepads' 1 24 are"! chosen to have a durorheter cor- 

■ v resporidiri'g to a'-sufficieh 

' - i^'rtialtycOTfdrm to thesbape of and provide some" com- 
•'* fort td the patient. The shape of the pads i24 i 'preferably 
' 'conform'to the heel so as to eliminate r any air gaps be- 
tweeri the heel- and pad. ! The surfaces of the pads i 24 
- :< whlcttcm^'tHeiransducers'-l'20i tfie delay : itne; of the 
^patent's skin- may be •^ap^lb^exp^fair'b^bb'ies^tnom 
" 11 the contact area when pressure is applied. The'surface 
•'• '-'of thVpao" that contacts the pa'tierit'sskin may be shaped 
at an angle other than orthogonal to trie propagation axis 
" ■td'reduce the acoustic reflection at the pad-tVskin inter- 
' - - face by 'spreading the - reflected energy over time and 
'••'•posltionV Other "configurations of the pad also provide 
; effective coupling of the ultrasonic ehergy. Forexarripie, 
0 ^the^pa^may^be^^ 

: -harrow portion - of the conical %hape v erigages the*heel 
and is subsequently compressed, air is force from the 



contact surface of the pad. 

The material of the pads 1 24 is required to be com- 
patible with coupling gel and non-irritating to the skin. 
One material of choice ait this time is 6lBA polyurethane 
5 (TOT i 78-34) mixed .with additive to provide a cu fed du- 
rometer of approximately 10 to 15 Shore A. 

Comrhercially available coupling gel may be used 
between theskin a%l;couplingpate. One implementa- 
tion of th e invent ton uses petroleum jelly "as a'rSoupiing 
10 gel.' - ^ • \ ' . \"J ' ;J" r v ; "\ 
' v the ultrasound coupling gel that is cdmnrrorily Used 
to efficiently couple ultrasonic energy betweeVthe'slon 
and transducers also may be eliminated by using a self 
wetting material suctf as^Parker ! Lalxi^tc^:iquaflex 
is pads: In one implementation of trie design," self wetting 
coupling pads wouM'bVus'ed'^' a Vispo^iefof single 
•use 'device,' eliminating-col^rns' about larilaffeln'. : 

An alternative ernbodimeht'for the ultrasOTicdensi- 
tometric bone measuring unit isdescVibed'in commohly 
zo owned U:S. : Paient No! 5; 134,999 to Osi'^vSwhich is in- 
corporated herein in its entirety by referencel r iy 

Referring to Fig. 13, an exempWry^ef^'bo^ment of 
an individual (or stand alohey biochiemical boriV meas- 
uring unit isshown. In this embodiment, the biochemical 
25 bone'measuring On it i 60 includes a housing; 1 62 which 
is preferably constructed for hand held 'operation, typi- 
cally, the housing is dimensioned s'imilarWa hand held 
calculator and includes a display - i 64\ r 'liser' /^rable 
switches SB'ahd 40,"and an access^pprt : i68*for receiving 
30 a sample' strip (described in more detail below). Irr'the 
eriribodirrierit where the reader portion is' disposable,' ac- 
cess port 168 is provided to - facilitate the: transfer 
through, for example capillary ^'distributidn.'a b&ily fluid 
" sarriple ohtb a strip test A printer pape'r 'port '170 may 
35 optionally' be provided to discharge a printout of the 
measured bone turnover data'/' 1 ' '' :lt " """ 
; ' the stand alone biochemical bone measuring 'unit 
: '160 is 'pref erably a'processdr controlled unit "powered 
' '• by'baffery"l72?*seenin inFig? 3- Similartb v the 

40 ' above' described bochemical Bone Measuring unit, a 
" controller 16 includes a micrc^rocessbr or microcontrol- 
ler, memory' (e.g, ROM and RAM), stored programs (e. 
gVsystem and application prc^ramsj ; fp'rcwtrolling ;, 'tiie 
operation of the'micrc^rbcessdf or microcontroller, for 
45 •■' performing a strip sample reading function^ and for per- 
forming system verification procedures, such as self- 
feist and calibration procedures. The ^'controller 16 also 
: includes inpul/butpui circuitry which permits thecontroh 
J * ler toMhteract ^^witri'ah alphanumeric display 22, a printer 
so 1 20; control buttons 38 arid 40, and strip sample reading 
circuit 24. tne circuitry for the stand alone unit is similar 
' to that shown in Fig; 3 and described abovei. 'A comrhu- 
riicationlpVrt 21,'seeWm Fig. 7, is provided to permit b^ta 
■ communication between, for example, the biochemical 
ss bone riieasuririg unitand an externai'computer. " 

The operation of the biochemical bone rneaisuring 
' unit of the stand alone ernbodtmeht is similar" to 5 the op- 
- eration described above with regards to the integral unit. 
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To activate the. system verification procedures, either 

control 'pvhon.jmayfe depressed a predefined number 
r '[^^^^^^pr^!^ i desired function. To illustrate, 
" ^control button ^ m^'be.ctepress^ three times in rapid 

succession which may cause. a system self -test proce- 
, ..dyre.tpjb^ be 
""substituted for tri^cqni^ol. buttons' 38, and 40 and con- 
" hected'tq the processor Using the keypad an operator 

may type in trie instruction to execute a particular func- 

. tion, .or the keypad may have dedicated function keys 
'.'. ^ic^.'^en.'depfess^.'cause'-the^ execution .of the de- 
li sired function. , "... ' 

yi . Prelerabfy, . in ,this embodiment the biochemical 
', ^l^e jiTfeasuring unit. 160 .is .configured to detect, the 

presence.pf. one or mpreanalvtes.on.a prerformatted 

strip.sampfe. As described above, the ^ strip, sample is 
. , typicajiy^the , result, of .a.guanlitative in-yitro diagnostic 
1, strip test'performed^ in blcod or urine. The strip sample 

can, be. measured,' f^e^mple^as'dfscussed in.theem : 

bodiments above. / .[ ... .. 
. ... , Referring! now to Figs, i 4-1 6, : alternative embodi- 

mentspf^the bN^e measuring system are.sh 
■ 44,. the bone measuring system 1.0 v described. above, 
F( and.c«e. j pr.more external computers 140 (e.g., a per- 
. ^sonal .or. laptop. computer)- .As soen. in Fig. 1 4, . bono 
, ■ measumgjsystem .10 js.coypjed .to.me.cc>mputer .1 40 
^..via^commu^ .1 44.and.serla!ipprt.1.46 r The 

J. communication port 144; is. connected.to controller 16 
. ..and is .preferably .configured ; for serial .and/or parallel . 

communications,., e.g. ,. . RS-232 .stands rd ..communica- 
. _ tiqns!. ln : this .c^nfigu bone characteristic data 

... detejmined'by.cpnt^ 
..Jputer, 140^0^ 

,.-ator can, send tostruptkrc data Joisystem 10: from. com- 
puter 1 AO. For example, computer 1 40 could be, used to 
u .,send_ _instructions; to^controjler ,16. to .perform the bfo- 
j 7 ^criem v |c^,^^ssment of. bone^charactenstjcs t (e.g., ; the 
e . n strip sample measuremenipfocedure);. to perform the 
.. densitometric.assessment of bpne characteristics (e.g., 
: the ^bpne : mass, measuring -procedure), ^ancUo.instruct 
the coptrollerJ6 to transfer the m easu red data to the 
, .icomput^ processing.; In this embodi- 

0 ment , .the [ bone meas u ring system , 1 0 . inc ludes. the bk> 
, chemical bone . measuring unit .12 : with. the strip sample 
. .^reading circuit,^ measuring 
,. unit i^Jn^a^sjngle^pushgtor^use in.for example, a prac- 
titioners office.. ^e. ..strip v samj)le.re^ing. drcult. 24 is 
. similar to that described hereinabove and for clarily will 
.. not to. repeated., pie ultrasound tatte^measuringiunit,-. 
' . . 1 4' incl udes, th e t^sdu^r^ssemWies^SO, the position 
^encoder 54 and the stepper, motor. { 1 32 which operate in 
.^ajsimila^ An operator, inter- 

^ : 4ace r l^js.(o^^.ori the^ousing.of the system 1 0 and 
may irKjud^.a.d«pJ < ay,.|(eybo^, printer access port and 

w r In.jFig^l 5, jhe. : bone, measuring, system illustrated 
includes a biochemical bone measuring unit 12 and an 
ultrasound bone measuring unit 14, each coupled to 



computers 140 through for example a serial communi- 
. .cation interface .146. Alternatively, data communications 
between, the biochemical bone measuring, unit, ultra- 
sound bone measuring unit and the computers may be 
5 across a local area network (e.g., ETHERNET or token 
ring), a wide area network (WAN)or using.wireless.data 
.transmission techniques,^ uch as RF t pr.jnfra red.jn.this 
embodiment,- each module . is a separate unit having an 
independent controller, 16. connected to ,the # internal 
10 components described above. Each controller . 16 can 
control the. operation. of each unit 12 or .1 4, . or the con- 
trollers. 16.. in this,,embodiment can .be communication 
processors which i are i used to transmit, receive and/or 
format bone characteristic data and instruction between 
is thecomputers and/or the main controller andeach-untt. . 
, The embodiment of Fig. .1 6.islsimilar tpJhe ; embod- 
. iment,of.Fig r 15_except that an x-ray.based densitomet- 
ric bone measuring . unit 150 is used. to measure^bone 
density. The x-ray. unit 150 may^include a controMer con- 
20 nected to an x-ray source and an x-ray c!elector,and to 
. communicatjpn circuitry which receives, data from .the 
main controller, receives .data : from. the Xrray detector 
and transmits the Xrray data.,tp the mamj controller for 
processing. A suHable.x^ray.unit .is theimo^i.QDR 4500 
25 manufactured by Hologic Inc. . 

. Fjgs. 17-1 1,9 , provide, yaripus,baseline,,.nr»n 
. , and projection format displays jwhich may t be displayed 
~ by.computer T40. Fig. ,17a provides an- exemplary graph 
of baseline Ibone. densitpmetric . o^ta.;definl^.,b^,bpne 
30 . mineral density versus the age ; pf a patienUFjg. y jib i pro- 
vides an exemplary.^ graph ,jA ^baseline %Wo^emical 
. marker, data. defined by bipcfieniical. markeriCpncentra- • 
. tion v (repr_esent.ing jtone^. resprpt^, T ,fpr!r^tipn : pr u net 
, bone .tu > rr»oyer)»compared 1 to age rnatched refer- 
35 enpe levels. .F;|g.j,8a provides an exemplary graph of 
. . serial.bpne densitometric data defined by>bone mineral 
.. density versus the age pf r thepatiW wJr^ich .illustrates a 
, . . rate of .change.between measurements: Fig. <18b;pro- 
vides an exemplary graph of serial baseline biochemical 
40 marker, data defined by biochemical marker concentra- 
. tibn: (represent ing bpne resorption , f ormatipn or net t u rn- 
, over) cornpared tp.thec^entration^at a follow-up visit, 
which, Hlust rates a rate of change : betweeni measure- 
ments.. F c ig. ^19 provides an exemplary ; dynamic graph of 
45. bone densitcimetric data and biochemical marker;.data 
^ -whichjllustratesabaseli^ 

., t tpmetric data and a slope representing a rate of increase 
_ ^decrease, in bone density; which js- based on. .baseline 
biochemical marks rs to provide a projected BMD value 
so 4 gf the patient at t ajuture ; age,. . ,-m , . « - . ... 
. i5 , ifI j .It will be understood that various modifications can 
^.^Jbe^rnade'^to ^e^erfb^menls. : of the present invention 
herein, disclosed, without departing frpm>the ; spirit and 
- scope, thereof.- For example, yaripus size housings are 
55 „ contemplated, , as- well as .various type of transducers 
and various types of mechanisms to.mpye 
v ers. . Various systems Jpr detecting me concentration of 
analytes are also contemplated. For example, various 
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light sources are contemplated such as LED, laser, in- 
candescent and fluorescent light sources, as well as 
various detection techniques used to detect the light re- 
flected by or emitted from the strip sample such as re- 
flectance, sample fluorescence and absorption. There- 
fore, the above description should not be construed as 
limiting the inventions but merely as exemplifications of 
preferred embodimehis'theredf: Those skilled in the art 
will envision other modifications within the scope and 
spirit of the present Invention as defined by the claims 
-appended hereto. 



Claims 

• 1." -'A bone measuring system, which comprises: 

a computer having data communication capa- 
bility; 

a biochemical bone measuring unit coupled to 
said computer arid configured to obtain bone 
■ characteristic data including bone turnover da- 
ta f rorrva stripsample and to transfer said bone 
characteristic data' to said computer; and 
a donsitometric bono measuring unit coupled 
to said computer and configured to measure 
bone characteristic data including bone mass 
data, and to transfer said bone characteristic 
data to said computer. 

2. The system accordhg to claim 1 , wherein said com- 
puter receives' said bone characteristic data from 
said biochemical and densitometric bone measur- 

w '-> ing units and processes said bone characteristic da- 
'■ ta f for subsequent graphical display. 

3. The system according to claim 1 , wherein said bio- 
chemical bone measuring unit comprises: 

■ rv* : ■ o; » v - . 

at least one' access port configured to receive 
a strip sample or to direct a bodily fluid sample 
•- onto a strip test 1 to form the strip sample; -' ' 
at least one strip' sample reading circuit aligned 
relative to said at least one access port, and 
v cohfi gu red to direct I ight toward: the' strip sam- 
• ' : ' -ptej'lodetect'li^tfell^Wby-thestrip'sarnple' 
' * ' and generate detected sarnple 'data; and 

^processor ' coupled i t6*'said r al least one strip 
" 1 ' sample 'reading 'circuit; ^said processor being 
".' 1 -configured td'ac^uateVaidsIri 

circuit, "to receive 'said detected sample data, 
and to transfer said detected sample data to 
said computer. 

4; The system' according to claim 1, wherein said bio- 
: chemical bone measuring unit comprises: 

.. ... v. ? > . t y , y .T * < /'I" : • - 

a plurality of access ports each configured to 
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receive a strip sample or to direct a bodily fluid 
sample onto a strip test to form the strip sample; 
a plurality of strip sample reading circuits, 
wherein one of said plurality of strip samples is 
aligned relative to one of said plurality of access 
ports, each strip sample reading circuit being 
configured to direct light toward the strip sam- 
ple, to detect light 7 reflected by the strip sample 
and generate detected sample data; and 
a processor coupled "to said 'plurality of strip 
sample reading circuits, said processor being 
configured to actuate each of said plurality of 
strip sample reading 'circuits.'to receive said de- 
tected sarnple' data' for said plurality of strip 
sample reading circuits, and to transfer said de- 
tected sample data to said computer. 

The system according to claim i ', wherein said den- 
sitometric bone measuring unit is an ultrasound 
bone measuring unit. 

The apparatus according to claim 5^ wherein said 
ultrasound bone measuring unit comprises: 

a housing having a support portion and a pair 
of transducer assemblies configured to move 
relative to each other such that when a body 
" portion of a patient is positioned in said support 
portion said transducer assemblies are moved 
to contact the 'Body portion; ,J 1 
a processor coupled to said transducer assem- 
blies and configured to excite at least one of 
'said transducer assemblies and to'measure ul- 
trasound signals that pass through the body 
portion. 
. ■ r ;>•'. 

The system according to clairh 6, wherein said sup- 
port portion of said housing is configured to support 
•afoot'/ • ' "- : v r.r: 

The system according toclaim 1 . wherein said den- 
sitometry bone measuring unit 'is an x-ray based 
unit Having ah "x-ray source', an x-raycfetector and 
a controller. - - ■ : . 

A bone measuring system, wHich comprises: 

a compact housing having a body support por- 
• tiori arid at least 'one access port configured to 
'** receive a stnp sample or to direct a bodily fluid 
: sample- onto' a strip test located within said 
housing so ais to form the strip sample; 
; a^bicchemicaf - borie- measuring unit located 
within said housing and including at least one 
strip sample reading circuit configured to direct 
light toward the strip sample, and to detect said 
" *« light reflected by the strip "sample and generate 
detected sample data; 
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a densitometry bone measuring unit located 
within said housing and. associated with said 
body support portion, said densitometry bone 
measuring unit being configured to generate 
bone data;, and 
. a processor located within said. ; housing and 

. . coupled to said at !east,ppe stripsample read- 
ing circuit and.said.dehsitpmetric bone meas- 
uring unit, said processor being configured to 
receive said detected, sample data and gener- 
ate bone turnover data, therefrom, to receive 

, saic i bone. data from safc^ensitpmetrc bone 
. , measuring unit to determine bone . density, and 
to provide as an output bone characteristic data 
representing the. formation or resorption of 
bone relative to the current density of the bone 
so as to facilitate projections of future bone 
characteristics. 

10. The system according to claim 9, wherein said out- 
put is, displayed on a display mounted to said hous- 
ing ; such that a display surface of said display is vis- 
ible through said housing. 

11.. A bono measuring system, which comprises: 

a compact housing haying a support portion 
,. .. . and I at (east one access port;. . 

at least one stripy sample reading circuit located 
within said housing and configured to direct 
light toward a st rip sampl e associated with said 
at least one, access port. and. to detect light re- 
flected bythe str ip sample and generate detect- 
ed sample data; 

an ultrasound bone measuring device posi- 
... , - tioned within said housing in association with 
. , ... -said.,su^port-.poition, >1 said bone 
measuring device being configuredto generate 
broadband ultrasound attenuation data and 
> speed of scHjnd.data; and, ,.■».,.;■ 
... a processor., located,- within said, housing and 
., .- coupled to said at Jeast.one strip .sample read- 
ing circuit and said ultrasound bone measuring 
device, said processor being configured to re- , 
ceive said,detected sample data, and generate 
bone turnover data from said detected sample 
data, to revive said broadband 
, . tibn data and speed of sound data from said 
. k. , ultrasound bone jmeasuring device and deter- 
... mine bone mass, and r tp provide as an output 
, .- bone characteristic ;data representing the for- 
. ^ , mation or resorption of .bone relative to current 
bone. density so as, to facilitate projections of 
j. f^uro.bone characteristics. ... ..*,* 

•: . .> .>i.. • • ■ ) J r : • . 

12. The system according^ claim 11 , wherein said out- 
put is displayed on a display mounted to said hous- 
ing such that a display surface of said display is vis- 
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ible through said housing. 

13. A biochemical bone measuring unit for measuring 
bone characteristics from a strip sample, which 
comprises: 

■ r a housing having at least one.access.port; 
output means mounted to said housing for pro- 
viding as an output bone turnover data; , 
at least one strip sample reading circuit located 
within said housing relative to said at least one 
access port and configured to direct light to a 
strip sample associated with said access^ port, 
and to detect light reflected by said strip sample 
and generate detected sample data therefrom; 
and 

, a processor located within said housing and 
coupled to said at least one strip sample read- 
ing circuit, said processor being configured to 
receive said detected sample signal and gen- 
. erate said bone turnover data from said detect- 
. .ed sample data, and to output said bone tum- 
• over data through said output means. 

14. Tho apparatus according to claim 1 3,. wherein said 
. output means comprises a communication port that 

provides data communication with an external de- 
vice. , 

15. The apparatus according to claim 1 4, wherein said 
external device is a computer. 



16.- The.apparatus according to claim 13, wherein said 
output means comprises a display mounted to said 
35 housing such that a display surface of said display 
. is visible through said housing. . , . 
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17. The apparatus according to claim 13, wherein said 
housing is configured to be handheld, . 

18., ? The apparatus according to claim 1 3, wherein said 
. . at least one strip sample reading circuit includes a 
..Jjght emitting source, an optical filter and a light re- 
ceiving, element, said light emitting source being 
configured to emit light toward the strip sample, and 
. .said optical filterbeing configured to permit prede- 
- -Hned color wavelengths reflected ..from the strip 
sample to pass therethrough, and wherein said light 
, detecting element receives. said; filtered light and 
generates said sample detected data for transfer to 
>. .said processor. 

19. The apparatus according to claim 1 8, wherein said 
. at least one strip sample reading circuit includes a 
second optical filter and a second light .detecting el- 
ement, said second optical filter being configured to 
pass predefined color wavelengths of light reflected 
from a reference portion of the strip sample and said 
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second light detecting element receives said filtered 
light and generates a reference signal for transfer 
to said processor. 

20. The apparatus according to claim 18, wherein said s 
light emitting source is a diode. 



w 



21. The apparatus according to claim 18, wherein said 
light emitting source is an incandescent lamp. 

22. The apparatus according to claim 18, wherein said 
light emitting source is a fluorescent light source: 

23. The apparatus according to;claim 13, wherein said 

at least one strip sample reading circuit includes a '5 
light emitting source, an optical filter and a light re- 
ceiving element, said light -.emitting" source being 
configured to emit light toward the strip sample, and '"' 
said optical filter being configured to permit fluores- 
cent light emitted from the v strip ^sample to pass zo 
therethrough, and wherein said light detecting ele- 
ment receives said filtered light and generates said 
sample detected data for transfer to said, processor. 
• y " f 

24. A method for projecting bono characteristics of a 25 
patient, comprising: 

«■ reading a strip sampie by directing light toward 
the strip sample and detecting light reflected 
from the st rip sample and generating signal da- 30 
ta indicative of a predefined color wavelength 
: for defining bone turnover data associated with 
the patient; \ 

obtaining bone density data for the patient; and 
projecting future bone characteristics based on 35 
said bone density data and said bone turnover 

data, r- \ | 



25. A system or method for determining bone charac- 
teristic data, in which 1 system or method the- bone- 
characteristic .data are obtained >by use of a bio- 
chemical bone measuring unit in combination with 
a densitometry bone measuring unit, and wherein, j 
once the bone characteristic data are obtained, a ; 
determination^ whether bone formation or bone 4s 
resorption is [occurring is made and future bone 
characteristics are projected. $ <v ; 



I -I so 



55 



EP 0 797 952' A1 






.: = : VI . 
CM . 


■ - ■ v - • ■ 
:.Y<'.'' : .' '. - 








INTER 


■ . " .'i .i' 


■ ft 









EP ; 0.797 952 A1 




•Y' v :"'\ 



EP 0.797 952 A1 



r 



i 



CM 

10 



o 



I 





i r 

i CO 


| 


> LU z' 













t___ 



O-l 

85 



o. 
10 



O-l 
3 CD 

or 

C£UJ 



00 



a: Hi 

li 



OUT 

E§ 

coo 
pz 

Ql. LU 



if 



O 
lO 



O CD 



O 



o 



o 



I 

IS 




H 

B - 



wi'. ib.-iRl'-- .... 



00, 

Ll 



Li >< O 

o 



LLi 



CO 



CM 
CM 




<-:V-:\.- 



1 





' EP 0 797 952T A1 




j 



saga 



M EP0 797 952^A1 



BMD 

(g/em 2 ) 



BASELINE" 
BONE DENSITOMETRY 




FIG. I7a 



BIOCHEMICAL 
MARKER 
CONCENTRATION 

( rnno l/mmo l) 



BASELINE DISPLAY 
FORMAT 



BASELINE ! * 
BIOCHEMICAL MARKER 



— ►-J 7 ; J 

; 3. 



MEASURE^f l^: AGE 

valuer;-; ii : 



FIG. 18ft"' 

If 



EP0 797 952 A1 



BMD 

(g/cm 2 ) 



SERIAL 

BONE DENSITOMETRY DATA 




BASELINE 

FOLLOW-UP 



PLUS STANDARD 
DEVIATION fv<l 

AGE-MATCHED 
MEAN VALUE BMD 

MINUS STANDARD 
DEVIATION 



CALCULATED CHANGE 
BETWEEN MEASUREMENTS.- XX% : 



AGE 



FIG. 18a 



BIOCHEMICAL;, 
MARKER 

CONCENTRATION 

(rimol/^moj) ] ^ ; 



MONITORING AND/OR 
FOLLOW-UP DISPLAY 
FORMAT 





SERIAL 

^BIOCHEMICAL MARKER DATA j 



FIG. 186 



TA* ' rVVV.U 



fl 



BASELINE FOLLOW-UP 

CALCULATED CHANGE 
BETWEEN MEASUREMENTS = XX% 



BP O 797 952 A 1 



„bm6 



BASELINE 




RATE OF DECREASE OR 
INCREASE BASEDION BASELINE 
BIOCHEMICAL MARKERS 



PLUS STANDARD 
DEVIATION . 

PROJECTED BMD VALUE 
AT A FUTURE POINT 

AGE-MATCHEK''? ^ 
MEAN VALUE BMD; 



MINUS STANDARD' 
DEVIATION 



DYNAMIC 
(PROJECTION) 
DISPLAY FORMAT 



AGE AGE 
BASELINE FUTURE 



!age 



FIG! 19 



r *JA>iGJJO~\ '-. : f- \ vizrfl ■ 



EP 0 797 952 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nuaber 

EP 97 30 2116 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catce»ry 



Citation of document with indication, where appropriate, 
of 9 jctewwi glMrttggj 



Relevant 
Uctaoa 



CLASSJFICA TtUN OP THE 
AFPUCATION (UtXU) 



D,A 
A 



WO 96 G4554 A (S.A.N. D. INSTITUTE (AUST) 
PTY. LIMITED) 

* page 1, line 8 - page 3, line 27; claim 
14; figures 1-4 * 

EP 0 576 217 A {MCCUE ULTRASONICS LTD.) 

* the whole document * 

EP 9 183 524 /*A'4SYNTEXi DIAGNOSTIC ..LIMITED „ 
PARTNERSHIP) ***fU«! #,H 

* the whole document * 



US 5 132 097 A (R.A. VAN DEUSEN ET AL.) 



* column 6, line 57 - column 7, line 39; 
figures 1-8 * 

US 4 811 373 A {J. A. STEIN) 

* the whole document * 

US 5 862 714 A (S.H. PETERSON ET AL.) 

* column 3, line 43 - column 7, line 28; 
figures 1-20 * 



1,2,5-7, 
13,16,17 
9,11,24, 
25 

1,2,5-7 
9,11 

13,16,17 

f 

1-4, 
9-12,15, 
18,20-22 

1-4,9, 
11, 

13-15. 
18-22 



A61B8/08 
A61B6/00 



1.8 



13,18, 
19,23 



TECHNICAL PIEUXS 
SEARCHED (itttafi) 



A61B 
G01N 



The proem scare* report has been draw* op for all dabs 



THE HAGUE 



Data «f caaeMtaaaf tat icma 

16 July 1997 



Hunt, B 



CATEGORY OF CITED DOCUMENTS 

X : partcdarty reUvul H taken atoa« 
Y : particriariy «*ev»t if eonUarf atth 

fcKutaeot af tfco tan 
A : tathnotogical taekp 
O ; we-written totteon 
P:l«j 



T : theory « arladatf nnieriyto| (He {natation 
F. : tariWr pttnl aoeaawat, aor puUbM no, nr 

3ftorttMfiUa(«ate 
D : tocaocat dtW la rt* appOcatiaa 
L : iocma* died for otter reuau 

of tfca maapatew tx^i,~'^^U^~ 



